Broccolini (Brassica oleracea Italica × Alboglabra) is a cross between broccoli and kai-lan (Chinese broccoli), which contains abundant glucosinolates. The intact glucosinolates are believed to be inactive, while their hydrolysis products, such as isothiocyanates (ITCs), are found to have bacteriocidal and anticarcinogenic activities. So far, no report is available about generation of ITCs during the process of glucosinolate hydrolysis in broccolini. In this study, the hydrolysis of broccolini seed glucosinolates was investigated under controlled conditions of pH, time and temperature, and the ITCs produced were determined. The results showed that an optimum hydrolysis of glucosinolates could be achieved at a temperature of 25ºC, at pH 7.0, and a reaction time of eight hours. Furthermore, GC-MS analysis indicated that the extracted ITCs primarily were: 3-BITC (3-benzyl-ITC) (10.8%), 4-methylpentyl-ITC (0.5%), 1-isothiocyanato-butane (26.8%), PEITC (phenethyl-ITC) (22.6%) and SFN (sulforaphane) (19.2%).
Broccolini (Brassica oleracea Italica × Alboglabra) is a green vegetable similar to broccoli, but with small florets and long, thin stalks. Although often misidentified as young broccoli, it is a cross between broccoli and kai-lan (Chinese broccoli). Nutritionally, broccolini is high in active ingredients such as vitamins (A, C), folate, flavonoids and gluosinolates.
Glucosinolates are anionic, hydrophilic and sulfurcontaining secondary metabolites, mainly found in Cruciferous plants. In all glucosinolate-containing plants, myrosinase (thioglucoside glucohydrolase, EC 3.2.1.147) is also found, but located in different cell compartments, in vacuoles for gluosinolates, and in the protosome for myrosinase [1a] . When tissues and cells are damaged, myrosinase is released and hydrolyzes glucosinolates to form different products, such as isothiocyanates (ITCs), thiocyanates and nitriles, depending on the reaction conditions. The intact glucosinolates are believed to be inactive, while some of their hydrolysis products, such as ITCs, have bacteriocidal and anticarcinogenic effects [1b,1c] . So far, no report is available about the generation of ITCs during the process of glucosinolate hydrolysis in broccolini. The object of the present study was to investigate hydrolysis of glucosinolates from broccolini seeds into ITCs under various controlled conditions. The time effect on glucosinolate hydrolysis is shown in Figure 1A . For this set of experiments, pH 7.0 and room temperature were applied. The hydrolysis time was studied for up to 12 hours. It was found that the yield of ITCs initially increased with time, but decreased during extended hydrolysis. The highest yield of ITCs during glucosinolate hydrolysis was observed to be 0.018 mg/g after 8 hours treatment. This may be due to the balance between the formation and degradation of the ITCs. Hydrolysis is a kinetic process that requires time, and the yield of ITCs increases with time. However, with the further extension of time, there could be an increased risk of degradation, as ITCs are known to be unstable in an aqueous environment [2a] . To investigate the effect of different hydrolysis temperatures on the yield of ITCs, six temperatures (18, 20, 22, 25, 28 and 30ºC) were set, but keeping the reaction at 8 hours and the pH at 7.0. Figure  1B shows that the ITCs yield increased rapidly with an increase in temperature from 18 to 25ºC, and the maximum yield (0.018 mg/g) was obtained at 25ºC. After this, the ITCs yield dropped noticeably from 25 to 30ºC. Thus the optimum hydrolysis temperature was 25ºC. Similar results were also observed in broccoli seed glucosinolates [2b].
In addition, the impact of pH from 4 to 8 on glucosinolates hydrolysis was investigated at room temperature after 8 hours. It can be seen from Figure 1C that with an increase of pH from 4 to 7, the ITCs yield was dramatically increased, and then decreased at a pH above 7. At pH 7 the maximum yield of ITCs was obtained (0.018 mg/g). This seems to be consistent with the observation that acidic conditions favor nitrile formation and higher pHs favor 
Experimental

Materials:
Broccolini was obtained from the Guangzhou Research Institute of Vegetables, China. The dried seeds were ground in a cutting mill to pass through an 80-mesh sieve to obtain a fine powder, which was stored in a wellclosed container for further use.
Preparation of calibration curve:
The ITCs content in the extracts was determined using a colorimetric method with minor modification [2d]. PEITC (0.1 mg) was dissolved in a flask (100 mL) with 50% n-hexane solution to make a PEITC standard solution with a concentration of 1 μg/mL. This was further diluted with 50% n-hexane to prepare a set of PEITC solutions with concentrations of 1, 2, 4, 6, and 8 μg/L. The absorbance of each flask was examined at 243 nm with 50% n-hexane solution as control. The regression equation of the PEITC standard curve was obtained as Y=0.0601x+0.164, R2=0.9998, where Y is the absorbance, and x is the PEITC content (μg/L). This standard curve was then used for the quantification of glucosinolates hydrolysis efficiency. The yield of ITCs in various glucosinolates hydrolysis reactions was expressed as mg PEITC equivalents per g dry weight.
Controlled hydrolysis of glucosinolates: Broccolini seed powder was defatted with light petroleum in a Soxhlet extractor for 24 h and was subsequently allowed to dry completely in a fume hood. The defatted seed meal (2 g) and a controlled amount of CH 2 Cl 2 [seed meal/ CH 2 Cl 2 , w/v, = 1:3 (g/mL)] were mixed in a 100 mL beaker. After stirring, the beaker was covered with clingfilm. For the effect of hydrolysis time, reactions were carried out at room temperature at pH 7.0 for 2, 4, 6, 8, 10 and 12 h. For the effect of pH, reactions were carried out for 8 h at room temperature, and the pH was adjusted to 4, 5, 6, 7, and 8, respectively, using either HCl or H 3 PO 4 (0.05 mol/mL) solution. For the effect of temperature, reactions were carried out for 8 h at pH 7, with temperatures of 18, 20, 22, 25, 28 and 30ºC. Hydrolyzed samples were centrifuged at 12,000 rpm/min at 4ºC for 10 min. The collected supernatant was filtered through a 0.22 μm membrane.
Based on the calibration curve, the ITCs yield in each hydrolyzed sample was calculated.
Extraction of ITCs:
Ten g of broccolini seeds were ground in the presence of liquid nitrogen and defatted with light petroleum in a Soxhlet extractor for 24 h. The defatted seed meal was added to a mixture of 50 mL CH 2 Cl 2 and 25 mL H 3 PO 4 (0.05 mol/mL) buffer. The hydrolysis was conducted at pH=7.0 for 8 h at 25ºC. The hydrolyzed products were mixed with NaCl and Na 2 SO 4 and filtered. The residual seed meal was extracted an additional 3 times with CH 2 Cl 2 . These combined extracts were concentrated under vacuum and diluted with acetone to a total volume 50 mL for further use.
Identification of ITCs by GC-MS:
The ITCs were identified by GC-MS [column, DB-5 capillary column (30 mm × 0.25 mm × 0.25 μm); Helium (>99.9%) flow 1.0 mL/min; injector temperature, 280ºC; column temperature 50ºC for 2 min then programmed at 10ºC /min to 190ºC (2 min) and at 20ºC /min to 250ºC (5 min)]. EI-MS were obtained at 70 eV. Spectra were compared with standards.
